Pollen Fertility and Agronomic Performance of Sorghum Hybrids with Different Male-Sterility-Inducing Cytoplasms by Secrist, R. E. & Atkins, R. E.
Journal of the Iowa Academy of Science: JIAS 
Volume 96 Number 3-4 Article 5 
1989 
Pollen Fertility and Agronomic Performance of Sorghum Hybrids 
with Different Male-Sterility-Inducing Cytoplasms 
R. E. Secrist 
Iowa State University 
R. E. Atkins 
Iowa State University 
Let us know how access to this document benefits you 
Copyright © Copyright 1989 by the Iowa Academy of Science, Inc. 
Follow this and additional works at: https://scholarworks.uni.edu/jias 
 Part of the Anthropology Commons, Life Sciences Commons, Physical Sciences and Mathematics 
Commons, and the Science and Mathematics Education Commons 
Recommended Citation 
Secrist, R. E. and Atkins, R. E. (1989) "Pollen Fertility and Agronomic Performance of Sorghum Hybrids 
with Different Male-Sterility-Inducing Cytoplasms," Journal of the Iowa Academy of Science: JIAS, 96(3-4), 
99-103. 
Available at: https://scholarworks.uni.edu/jias/vol96/iss3/5 
This Research is brought to you for free and open access by the Iowa Academy of Science at UNI ScholarWorks. It 
has been accepted for inclusion in Journal of the Iowa Academy of Science: JIAS by an authorized editor of UNI 
ScholarWorks. For more information, please contact scholarworks@uni.edu. 
Jour. Iowa Acad. Sci. 96(3,4):99-103, 1989 
Pollen Fertility and Agronomic Performance of Sorghum Hybrids with 
Different Male-Sterility-Inducing Cytoplasms 1 
R. E. SECRIST and R. E. ATKINS 
Department of Agronomy, Iowa State University, Ames, Iowa 50011 
Effects of three sources of male-sterility-inducing cytoplasm in sorghum [Sorghum bico/or (L.) Moench} were compared in crosses with 217 
male parents. Hybrids of these parents and A2 Redbine 58', 'A3 Combine Kafir 60', and 'A4 Martin' female parents were evaluaced for 
percentage scained pollen, seed set of bagged panicles, plant height, and days to midbloom. Additionally, hybrids of 12 of the inbreds 
crossed to each female parenc were evaluated for grain yield and other agronomic traits in comparison wich hybrids in A 1 male-sterilicy-
inducing cytoplasm. 
Twenty-one inbreds restored pollen fertility to hybrids with A2 cytoplasm, 11 restored pollen fertility to hybrids with A3 cycoplasm, 
and four rescored fertility co A4 hybrids. All inbreds chat restored male fertility to hybrids wich A2 or A3 cytoplasm were known restorers 
(R-lines) for Al cytoplasm. Three R-lines to Al cycoplasm restored male fertility to hybrids wich A4 cytoplasm, but the inbred N34, a 
nonrestorer(B-line) for hybrids with A 1, A2, or A3 cytoplasm, also restored pollen fertility to A4 hybrids. The inbred KS 19 was cheonly 
genotype that restored pollen fertility to A2, A3, and A4 hybrids. 
Colleccively, the performance of hybrids in A2, A3, or A4 cytoplasm was nae consistently or markedly different for grain yield, che 
components of yield, and ocher agronomic traics from that of counterpart hybrids in A 1 cytoplasm. Greater use of A2 and A3 cytoplasms 
in breeding and seed production scudies seems warranted. 
INDEX DESCRIPTORS: Sorghum bico/or L. Moench, male scerility, cytoplasm, hybrid, pollen fertility, agronomic traits. 
Milo cytoplasm, also designated A 1 cytoplasm, is the predominant 
source of male sterility used in the commercial production of hybrid 
sorghum (Sorghum bicolor L. Moench) (Harvey, 1977; Schertz, 1973, 
Worstell et al., 1984). With the widespread use of a single male-
sterility-inducing cytoplasm, the potential for an epidemic of a disease 
or insect pest poses a decided threat to sorghwn production. In 1970, 
Southern Leaf Blight, caused by Helminthosporium maydis, severely 
reduced the yield of maize (Zea mays L.) hybrids that possessed the T 
cytoplasm (Tatwn, 1971). In efforts to decrease the vulnerability of 
sorghum hybrids to a similar catastrophe, alternative sources of male-
sterility-inducing cytoplasm have been identified. These cytoplasms 
are designated A2 (Schertz, 1977), A3 (Quinby, 1980; Schertz, 
1984), and A4 (Worstell et al., 1984). 
The objectives of our research were (1) to supplement the informa-
tion available on pollen-fertility restoration in sorghwn hybrids by 
crossing sources of each new cytoplasm to a large, diverse sample of 
inbred male parents and (2) to determine the effects of each male-
sterility-inducing cytoplasm on agronomic performance of their 
hybrids. The information obtained should be useful to plant breeders 
and production agronomists because it relates to the intended use of 
parents with these cytoplasms in hybrid seed production. 
MATERIALS AND METHODS 
Designations for the 217 sorghwn inbreds evaluated in our experi-
ments are listed by Secrist (1988). One hundred forty-seven inbreds 
were R-lines (pollen-fertility restorers), and 70 were B-lines (nonres-
torers) for A 1 cytoplasm. The inbreds were male parents in crosses 
with 'A2 Redbine 58', 'A3 Combine Kafir 60' (82CS8615 X 8614), 
and 'A4 Martin'. Seed of female parents with A2 and A4 cytoplasm 
was supplied by Dr. K.F. Schertz, and seed of the inbred with A3 
cytoplasm was provided by Dr. F. R. Miller, both of Texas A & M 
University, College Station, Texas. Original germplasm sources for 
the male-sterility-inducing cytoplasms were IS 12662C for A2, 
IS ll 12C for A3, and IS7920C for A4 (Worstell et. al., 1984). 
Hybrids from the crosses in A2, A3, and A4 cytoplasm were 
planted May 24, 1984, June 4, 1985, and May 21, 1986, respective-
1Joumal Paper No.J-13422 of the lowaAgric. and Home Econ. Exp. Stn., Ames, IA 
50011. Project No. 2573. 
ly. During each year, the entries were arranged in a randomized 
complete-block field design with two replicates at the Iowa State 
University Agronomy and Agricultural Engineering Research Center 
near Ames, Iowa. Plots were single rows, 1.8 m long, spaced 1.02 m 
apart. Checks included hybrids of each female parent nuclear geno-
type in A 1 cytoplasm crossed with 24 of the inbreds ( 12 R-lines and 
12 B-lines to A 1 cytoplasm) selected randomly. Three commercial 
hybrids (NB 505, RS 610, and RS 671) also were included in the 
plantings each year. 
Pollen fertility was estimated from two plants per plot. Panicle 
branches were severed just before anthesis and allowed to dty natu-
rally. Eight anthers were removed from the florets of each panicle 
branch, placed on a microscope slide, and macerated to release the 
pollen. Estimates of fertility were made by staining the pollen with a 
solution of 2 g KI in 100 ml water, plus 0.2 g iodine (Brooks and 
Brooks, 1967). Three microscope fields per panicle branch were 
examined at lOOx magnification. Plwnp, dark-stained pollen grains 
as well as intermediate types that stained brown or partial black were 
considered fertile. Shrunken, light-stained grains were deemed ster-
ile. Percentage stained pollen was determined for individual plants 
and the values were averaged to obrain a percentage for each plot. Days 
from planting to midbloom and plant height also were recorded for 
each plot. 
In a supplemental experiment, all hybrids with A4 cytoplasm, the 
24 crosses to A 1 Martin, the three commercial hybrids, and the 
hybrids in A2 or A3 cytoplasms with greater than 20% dark-stained 
pollen were planted May 22, 1987 in unreplicated 1.8 m rows spaced 
1.02 m apart at the Agronomy and Agricultural Engineering Re-
search Center near Ames. Panicles of four plants per plot were bagged 
before anthesis to prevent cross pollination, and percentage seed set 
was estimated visually for each panicle at maturity. Miller and Pickett 
( 1964) concluded that seed set of panicles bagged before anthesis was a 
good indicator of pollen fertility in sorghwn. 
To compare the agronomic performance of sorghwn hybrids posses-
sing an alternative male-sterility-inducing cytoplasm with hybrids 
possessing A 1 cytoplasm, three experiments were conducted. Each 
experiment was arranged in a randomized complete-block design, 
consisting of 24 hybrids grown in two environments with four 
replicates per environment. The hybrids were produced by crossing 
12 R-lines (to A 1 cytoplasm) onto two female parents, one with A 1 
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cytoplasm and, the other, with one of the three alternative cytop-
lasms. The inbreds used as male parents were IA17, IA28, Tx7078, 
Tx428, TAM2567, NB9040, NB6250, OKY33, KS20, KS54, 
IS3063C, and IS12608C (TB). The female parents wre Al and A2 
Redbine 58 in Experiment I, A 1 and A3 Combine Kafir 60 in 
Experiment II, and A 1 and A4 Martin in Experiment III. Thus, the 
entries for each experiment were 12 pairs of hybrids, each of which had 
the same nuclear genome but different cytoplasm. 
Planting dates for Experiment I at the location near Ames were 
May 24, 1984 and June 4, 1985. Experiment II was planted May 29, 
1985, at the Western Iowa Research Center near Castana and June 4, 
1985, at the location near Ames. Experiment III was planted May 21, 
1986, at the latter location and June 9, 1986, at the Burkey Research 
Farm, also near Ames. Plots were single rows 4.27 m long, with 1.02 
m between rows. Plants were thinned to a spacing of 10 cm in the row, 
resulting in a final plant population of96,885 plants/ha. A 3.05 m 
section of competitive plants was marked in each plot for harvest. 
Grain yield, seeds/panicle, 100-seed weight, panicles/plant, and 
plant height were recorded for each environment. Days to midbloom 
and the length, width, and area of the third and fourth leaves from the 
top of the plant were determined only at Ames. 
RESULTS 
Restoration of Male Fertility 
Whether estimated by pollen staining or by seed set of bagged 
panicles, pollen-fertility restoration capabilities of inbreds relative to 
the three alternative cytoplasms were highly variable. Some inbreds 
produced hybrids that were clearly male fertile or male sterile, but the 
performance of other hybrids was less definitive. Deviation from full 
fertility restoration may be due to the presence of modifying genes or 
to the sensitivity of some hybrids to environmental conditions. 
Percentage fertile-staining pollen for individual hybrids usually was 
consistent over replications (data not presented), but because of the 
many zero values, statistical parameters that often are helpful in 
delineating categories for classification were not appropriate for our 
data. Classification of an inbred as a restorer of male fertility for 
hybrids with A2, A3, or A4 cytoplasm was based on both methods of 
estimating male fertility, as well as distribution of the array of values. 
The classifications are, therefore, somewhat subjective and bear 
strengthening with additional research. 
Anther and pollen characteristics of fertile and male-sterile plants 
with A 1, A2, A3, or A4 cytoplasm were largely consistent with those 
reported by other researchers (Maunder and Pickett, 1959; Schertz 
and Ritchey, 1978; Quinby, 1980, 1982; Schertz, 1983; Worstell et 
al., 1984; Murty, ( 1986a). Anthers of fertile plants in all cytoplasms 
were plump, yellow-orange, and after exsertion, they became pen-
dent and dehiscent. Anthers of the male-sterile hybrids with A2 
cytoplasm were dty, flat, pale-yellow, only partly exserted, and 
produced just a few collapsed pollen grains devoid of starch. Most 
male-sterile plants with A3 cytoplasm also produced very few pollen 
grains and their anthers were similar to those of male-sterile plants 
with A2 cytoplasm. That observation agrees with those of Murty 
( 1986a) but differs from other reports, which characterize anthers of 
male-sterile hybrids with A3 cytoplasm as yellow and nondehiscent 
(Quinby, 1980, 1982; Schertz, 1983; Worstell et al., 1984). Anthers 
of hybrids with A4 cytoplasm were similar to fertile anthers because 
they were plump and yellow-orange, but most did not shed pollen. 
Percentage of stained pollen is influenced by the degree of pollen 
maturity (King, 1960), environmental conditions during pollen 
development, and genotype. In crosses of A-lines X R-lines made by 
Brooks and Brooks ( 1967), approximately 60% of the pollen stained, 
but only 10% was stained in their A- X B-line crosses. In our 
studies, approximately two-thirds of the pollen grains produced by 
the fertile check and commercial hybrids were plump and dark-
stained. Male-sterile plants with Al, A2, or A3 cytoplasm produced 
very few pollen grains, and those present were seldom stained. In 
contrast, pollen grains of hybrids with A4 cytoplasm usually ac-
cumulated starch and were dark-stained. 
Observations of pollen fertility restoration based only on pollen 
staining data for hybrids in A2, A3, and A4 cytoplasm are presented 
in Figure 1. Hybrids with 40% or greater stained pollen were 
classified as fertile, partially male-fertile hybrids had 20 to 39% 
stained pollen, partially male-sterile hybrids had 10 to 19% stained 
pollen, and hybrids with less than 10% stained pollen were called 
male sterile. The value selected for percentage stained pollen of fertile 
hybrids was less than the 60% reported by Brooks and Brooks ( 1967) 
because our procedure of gathering panicle branches just before 
anthesis stopped pollen development before it reached full maturity. 
Nearly 70% of the inbreds used as male parents in our studies were 
known fertility restorers for Al cytoplasm, but most produced male-
sterile hybrids when crossed to female parents with A2 or A3 
cytoplasm. More of the hybrids were male sterile in A3 cytoplasm 
than in A2 cytoplasm. Most hybrids with A4 cytoplasm were 
classified as fertile to partially fertile by pollen staining alone, but 
because of their indehiscent anthers, many did not set seed when their 
panicles were bagged before anthesis. 
Tables 1 and 2 list the inbreds that were classified as male-fertility 
restorers for hybrids in A2, A3, or A4 cytoplasms. An inbred was 
classed as a restorer (R-line) if the percentage stained pollen was 40 or 
more and seed set of bagged panicles was greater than 70%. Among 
the 217 inbreds tested, 21 restored male fertility to hybrids in A2 
cytoplasm, 11 restored male fertility to A3 hybrids, and four restored 
male fertility to hybrids with A4 cytoplasm. 
The only inbred that restored male fertility to hybrids in all 
cytoplasms was 'KS 19'. 'IA20' and 'IA21' were restorers to A2 and A4 
cytoplasm but only partially restored male fertility to hybrids in A3 
cytoplasm. Nine inbreds: 'AR3023', 'IAl', NB9040, 'NMR16 Sel.', 
'IS2403C(BC)R 1', 'IS2403C(BC)R2', IS2403C(TB)R3', 'IS3 5 79C, 
and 'IS7367C restored male fertility to hybrids with A2 or A3 
cytoplasm but did not restore male fertility to hybrids with A4 
cytoplasm. IA28, 'AR3017', 'IS3063C(TB'R5' 'TAM2522', 
'TAM2565', 'TAMBk-47 Sel.', 'OKY34', 'NMR13', and 'IS12684C 
(BC)' restored male fertility to hybrids in A2 cytoplasm, but they did 
not meet the criteria for classification as restorers of A3 and A4 
cytoplasm. 'NMR24' was a restorer for hybrids with A3 cytoplasm, 
but with A2 and A4 cytoplasm, it was not classified as a fertility 
restorer. The inbred 'N34' is a B-line (nonrestorer) for A 1 cytoplasm, 
and its hybrids in A2 and A3 cytoplasms showed no stained pollen. 
However, hybrids with N34 in A4 cytoplasm showed high percentage 
seed set of bagged panicles and considerable stained pollen. 
All inbreds classified as restorers of male fertility to hybrids in A2 
and A3 cytoplasm were known R-lines for hybrids with A 1 cytop-
lasm. Worstell et al. ( 1984) suggested that A 1 and A2 cytoplasms 
possess a similar basic inheritance governing the restoration of male 
fertility, but they differ in the ease of restoration because of modifier 
genes. Except for IS1112C (Quinby, 1982; Schertz, 1983; Worstell et 
al., 1984) and NMR24, inbreds that restored male-fertility to A3 
cytoplasm also restored hybrids with A 1 and A2 cytoplasm. This 
suggests that the mechanism for pollen fertility restoration to hybrids 
may be similar for A 1, A2, and A3 cytoplasm. The ability of inbreds 
to restore pollen fertility to hybrids with A4 cytoplasm was not 
associated consistently with their ability to restore hybrids with Al, 
A2, or A3 cytoplasm. 
Agronomic Performance 
A decisive factor affecting the choice of cytoplasm in hybrid seed 
production may be effects of the cytoplasm on the expression of 
agronomic traits. Before alternative cytoplasms are used in seed 
production, it must be established that they do not have adverse 
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Fertility Classification of Hybrids 
Figure 1. Pollen fertility classification based on percentage stained pollen for sorghum hybrids produced by crossing 217 inbreds onto female 
parents with A2, A3, and A4 male-sterility-inducing cytoplasms. 
effects on the agronomic performance of their hybrids. 
Growing conditions were good in five of the six environments used 
for evaluating the agronomic performance of hybrids containing the 
alternative cytoplasms. Mean grain yields ranged between 5. 32 and 
8.00 Mg/ha for the five environments. In Experiment II (Castana in 
1985) plants were stressed because rainfall was light throughout the 
summer and the average yield was 3.85 Mg/ha. The combined 
analysis of variance for each experiment (analyses not shown) indicated 
that the variation attributable to environments, hybrids, and male 
parents was significant (beyond P <0.05 or P <0.01) for all traits 
measured, except seeds/panicle among males in Experiment II and 
panicles/plant among males in Experiment III. 
Because differences between female parents within each experiment 
were primarily a result of nuclear-cytoplasmic interactions and ran-
dom deviations, emphasis is placed on the female source of variation. 
To determine statistical significance of the female (i.e., cytoplasm) 
source of variation, an F-test was made by using the mean square for 
females divided by the environments x females (E x F) mean square. 
The power of the F-test to detect differences among females was low 
because the numerator and denominator had only one degree of 
freedom. If the E x F mean square was not significant (beyond P 
<0.05), the F-test for females was made instead by using the mean 
square for experimental error in the denominator. That F-test was 
more powerful because the degrees of freedom for experimental error 
were 138. 
For grain yield, the differences between A 1 and A2 cytoplasm 
hybrids in Experiment I and A 1 and A4 hybrids in Experiment III 
(Table 3) were not significant (beyond P <0.05) with either procedure 
for the F-test. In Experiment II, the 6% reduction in yield of hybrids 
in A3 cytoplasm was significant (beyond P <0.05) with either F-test. 
Our results for the yield of AI and A2 Redbine 58 hybrids 
(Experiment I) differ from those of Maves and Atkins (1988). They 
observed a decrease in yield of A2 Combine Kafir 60 hybrids 
compared with A 1 counterparts. Our results agree with those of 
Murty (1986b), who did not find a significant difference in yield of 
hybrids with Al vs. A2 cytoplasm. 
The comparison of A 1 vs. A3 Combine Kafir 60 hybrids in 
Experiment II gave results similar to those reported by Maves and 
Atkins (1988). They observed a decrease in grain yield and seeds/ 
panicle, but an increase in 100-seed weight, for A3 hybrids. Con-
versely, Murty (1986b) did not find significant differences for yield 
between A3 and A 1 hybrids. In Experiment III, hybrids in A4 
cytoplasm did not differ significantly from those in Al cytoplasm for 
yield or other traits measured (Table 3). 
Although grain yields for A 1 vs. A2 cytoplasm hybrids did not 
differ significantly (Table 3), seeds/panicle were significantly fewer for 
A2 hybrids, and the seeds were larger (P <0.01). Similar results for 
these yield components were observed for comparisons fo A3 and A4 
hybrids with their Al counterparts, but F-tests using the E x F mean 
square did not indicate that the differences were significant (beyond 
P <0.05). A2 and A3 hybrids were significantly (P <0.01) later for 
midbloom than Al hybrids, but the difference was one day or less. 
The 4 cm difference in plant height between Al and A3 hybrids 
exceeded the 0.01 probabiliy level. No significant differences for Al 
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Table 1. Percentage stained pollen and seed set, days to 
midbloom, and plant height of hybrids of 21 sorghum 
inbreds crossed as male parents to A2 Redbine 58. 
Stained Seed Plant 
pollen set Days to height 
Inbred (%) (%) mid bloom (cm) 
AR3017 67 100 75 134 
AR3023 78 95 74 133 
!Al 92 99 72 110 
IA20 58 93 73 137 
IA21 56 79 69 126 
IA28 57 76 75 139 
IS2403c(BC), R 1 70 93 73 152 
IS2403c(BC), R2 50 96 77 159 
IS2403c(TB), R3 52 89 73 163 
IS3063c(TB), RS 40 78 77 148 
IS3579c 61 99 73 215 
IS7367c 46 99 74 185 
IS 12684c(BC) 46 74 76 130 
KS19 88 94 73 126 
NB9040 94 85 74 127 
NMR13 71 80 72 116 
NMR16 Sel. 75 98 73 176 
OKY34 43 76 79 124 
TAM2522 74 83 75 122 
TAM2565 71 96 74 117 
TAMBk-47 77 98 75 135 
vs. A2 or A 1 vs. A3 cytoplasm hybrids were detected for length, 
width, or area of the third and fourth leaves from the top of the plant 
(data not shown). Hybrids with A4 cytoplasm differed significantly 
(P <O. 01) from hybrids with A 1 cytoplasm for length of the third leaf 
and width of the fourth leaf, although the differences were less than 2 
cm. 
DISCUSSION 
Maves and Atkins (1988) suggested that reduced grain yield of 
their hybrids in A2 and A3 cytoplasm compared with A 1 hybrids may 
have been due to differences in male fertility and dispersal of pollen. 
Male-fertile hybrids were highly self-pollinated, whereas pollination 
of male-sterile hybrids was dependent upon wind dispersion of pollen 
from adjacent male-fertile hybrids. Male-sterile hybrids may not have 
been completely pollinated and consequently set fewer seed than their 
male-fertile counterparts. 
Table 2. Percentage stained pollen and seed set, days to 
midbloom, and plant height of hybrids of 11 sorghum 
inbreds crossed as male parents to A3 Combine Kafir 60 
and of four inbreds crossed as males to A4 Martin. 
Stained Seed Plant 
pollen set Days to height 
Inbred (%) (%) mid bloom (cm) 
Crossed to A3 Combine Kafir 60 
AR3023 67 91 66 128 
!Al 89 98 65 111 
IS2403c(BC), R 1 52 96 68 151 
IS2403c(BC), R2 54 98 69 158 
IS2403c(TB), R3 54 96 68 152 
IS3579c 52 85 66 202 
IS7367c 50 98 65 180 
KS19 92 95 67 112 
NB9040 93 99 68 125 
NMR16 Sel. 72 93 67 179 
NMR24 41 85 69 110 
Crossed to A4 Martin 
IA20 43 70 67 135 
IA21 72 86 65 130 
KS19 52 83 67 115 
N34 50 88 83 263 
Similar results were reported by Ross (1965). Grain yield of 
mixtures of A-lines (male sterile) and B-lines (male fertile) of Combine 
Kafir 60, Martin, and Redlan varieties declined with increasing 
proportions of male-sterile plants. The completely male-sterile entries 
averaged 17% less grain than their fertile counterparts. A large 
interaction between varieties and the amount of male-sterile plants 
was thought to be due to time of flowering in relation to maximum 
pollen flux and co morphological characteristics of the panide. The 
loose-headed Martin male sterile approached complete pollination, 
but the compactly headed Combine Kafir 60 male sterile did not. 
In Experiments I, II, and III, many of the hybrids with an 
alternative cytoplasm were male sterile. Only three male parents 
restored pollen fertility to hybrids with A2 cytoplasm, two restored 
A3 hybrids, and none of the male parents restored fertility to hybrids 
with A4 cytoplasm. In all the experiments, we observed that hybrids 
in an alternative cytoplasm averaged fewer seeds/panide and heavier 
100-seed weight compared with A 1 hybrids. Often, when one 
component of yield is reduced, other components compensate for that 
reduction) (Adams and Grafius, 1971). The effect of incomplete seed 
Table 3. Means of sorghum hybrids grouped by cytoplasm type for six agronomic traits by using the combined data in 
Experiments I, II, and III. 
Experiment I Experiment II Experiment III 
C}'.!oElasm C}'.!oElasm C}'.!oElasm 
Trait Al A2 Al A3 Al A4 
Grain yield (Mg/ha) 6.66 6.65 4.72 4.45** 7.07 7.03 
Seeds/panide 1959 1770** 1648 1389 1608 1513 
100-seed weight (g) 2.78 2.95** 2.60 2.98 3.13 3.27 
Panides/plant 1.36 1.42* 1.20 1.19 1.58 1.56 
Plant height (cm) 130.7 130.4 120.7 124.5** 142.8 141.8 
Dars co midbloom 71.7 72.4** 69.7 70.7** 65.9 66.1 
* and ** indicate that differences between Al and the alternative cytoplasm are significant beyond P < 0.05 and P < 0.01, 
respectively. 
• Days to midbloom in Experiment II were recorded only at Ames. 
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set (fewer seeds/panicle) on the yield of male-sterile hybrids would be 
offset, co some degree, by increased seed size. 
In our experiment, as well as those of Maves and Atkins ( 1988), the 
compactly headed male-sterile Combine Kafir 60 hybrids may not 
have been pollinated as completely as other hybrids. If increased seed 
size did not compensate for fewer seeds/panicle, then grain yield 
would be reduced. To determine critically if these cytoplasms do affect 
grain yield or other agronomic traits, they should be tested with an 
array of nuclear genomes chat will produce hybrids that are all 
competely male fertile. 
Nuclear-cytoplasmic interactions also may affect the expression of 
agronomic characters. It seems probable that the Combine Kafir 60 
female parent may produce hybrids with nuclear genomes that 
interact differently with A2 or A3 cytoplasm than with A 1 cytoplasm, 
whereas hybrids with a Redbine 58 parent may interact in a similar 
way with A 1 or A2 cytoplasm. Beavis and Frey ( 1987) concluded that 
there is little evidence chat cytoplasm per se effects plant traits. The 
observed differences between alloplasmic lines most likely are due to 
interactions of the cytoplasm with specific nuclear genes, similar to 
the specific interactions of restorer alleles and cytoplasms in the 
restoration of pollen fertility. The occurrence of small but significant 
male x female interactions for many of the traits in our experiments 
(data not presented) tend to support that hypothesis. 
In summation, our experiments indicated that the average per-
furmance of hybrids in A2, A3, or A4 cytoplasm was not consistently 
or markedly different for grain yield, the components of yield, and 
ocher agronomic traits from chat of counterpart hybrids in A 1 
cytoplasm. The indehiscent anther characteristic would make the use 
of A4 male sterility in commercial hybrid seed production either very 
difficult or not feasible because of the need to recognize and remove 
fertile off-types. A2 and A3 cytoplasms, however, have considerable 
potential for broadening the cytoplasm base of sorghum hybrids. 
The probabilty of occurrence of a cytoplasm-specific pathogen of 
sorghum is unknown, but the use of several cytoplasms in hybrid seed 
production should decrease the likelihood of such an occurrence. 
Cytoplasmic diversity can be achieved most effectively by putting 
female parents into as many different male-sterility-inducing cytop-
lasms as possible. Multi plasm hybrids, made with a blend of female 
parents that possess identical nuclear genomes but different male-
sterility-inducing cytoplasms, would create cytoplasmic diversity in a 
production field that should limit the build-up of a pathogen 
(Grogan, 1971). 
The immediate use of A2 and A3 cytoplasms in hybrid seed 
production is limited by a scarcity of inbreds that will restore male 
fertility to their hybrids. In this study, we identified several inbreds 
that could be used co produce agronomically acceptable male-fertile 
hybrids with A2 or A3 cytoplasm. The challenge to sorghum breeders 
will be to use these inbreds in the development of new R-lines. 
Because most inbreds chat restored male fertility to A3 cytoplasm also 
restored A 1 and A2 hybrids, testing R-lines for their ability to restore 
A3 cytoplasm should select for genotypes that would restore all three 
cytoplasms. 
Most of the inbreds tested were maintainers of male sterility in A2 
and A3 cytoplasms. Therefore, the development of an assortment of 
good B-lines in these cytoplasms should be possible. Many of the 
inbreds are fertility restorers in A 1 cytoplasm and have already proved 
to have superior general combining ability. By backcrossing them into 
A2 or A3 cytoplasm, the number of proven A-lines would be greatly 
increased. 
Historically, the improvement of sorghum has been based to a large 
extent on the exploitation of milo x kafir crosses (Doggett, 1984). 
Sorghum breeders now have the means to exploit new combinations of 
germplasm and co explore specific interactions of nuclear and cyto-
plasmic genomes co further increase the productivity of sorghum 
hybrids. 
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